The field enhancement properties of carbon nanotubes, involved in the emission of electrons, is investigated theoretically for various single-wall (SWNT) and multi-wall nanotubes (MWNT). We point out big differences between (n,O) and (n,n) nanotubes, and propose phenomenological laws for the variations of the enhancement factor with length and diameter.
Introduction
Field emission from carbon nanotubes [l, 2, 31 seems very promising for technological ap- . One mechanism suspected to lead to this low field emission property is the very high enhancement of the applied field at the end of the tube. However, this hypothesis does not provide any explanations for the very large differences observed experimentally between apparently similar nanotubes.
Resolution method
The effects induced by the applied field on the nanotubes are studied by resolution of an integral reformulation of Poisson's equation in which the carbon atoms are described solely by a local anisotropic polarizability tensor derived from graphite [6]. This approximation leads to: z(7') = &,(fl+C So ( T , r j ) . T . E ' ( % ) , where y o ( ? , ?) represents the electrostatic field propagator and the anisotropic polarizability tensor for the j t h atom. This equation allows us to compute the field first on the carbon atoms, then at the end of the nanotubes.
Numerical results
This numerical technique allows us to investigate the p factor (ratio of the local and the applied field) of various SWNT with lengths up to 30 nm. We show that there: is a saturation of the p factor with the length of the nanotubes. This saturation occurs 0-7803-71 97-6/0l/$10.00 Q 2001 IEEE for all the nanotubes, capped or not. However, this trend clearly sets up faster for (n,n) nanotubes than for (n,O) nanotubes. This difference is depicted on Fig. 1 which gives the evolution of the p factor for a (6,O) and a (3,3) nanotubes. This curve is best fitted with a logarithmic-like series of general expression:
which we use to extrapolate p to a typical experimental length of lpm.
On Fig. 2 is represented We show that the evolution of the field enhancement factor of carbon nanotubes with their lengths is not linear and tends to saturate. This effect is however less important with (n,O) nanotubes. We show that in the case of a rope of few nanotubes, the induced field is larger close to the brim of the rope. Finally, based on results for triple-wall nanotubes, we argue that the field amplification property of MWNT is due to inner shells with small diameters.
